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 Abstract  
Cellular Light Weight Concrete (CLWC) is one of the concrete structures in 
the world. It has been known since ancient times. It is made using natural 
aggregates of volcanic origin in building construction. Lightweight concrete 
is the type of concrete which includes an expanding agent in that it 
increases the volume of the mixture and lessened the dead weight, while fly 
ash is one of the naturally-occurring products from the coal combustion 
process. The expected result of this paper is to investigate the performance 
of cellular lightweight concrete in terms of density and compression strength 
by using fly ash with the Ordinary Portland Cement Grade 43 and 53.  
 
 Keywords— cellular light weight concrete, CLWC, fly ash, volcanic, foam,  
           compressive strength. 
 
1.0  INTRODUCTION 
Concrete is most important construction materials. Concrete is a material 
used in building construction, consisting of a hard, chemically inert 
particulate substance, known as an aggregate that is bonded together by 
cement and water. In concrete construction, the concrete represents a very 
large proportion of the load on the structure, and there are clearly 
considerable advantages in reducing its density. One of the two ways to 
reduce the weight of a structure is the use of lightweight aggregate 
concrete (LWAC). A cellular concrete consists of cement, water, aggregate 
and air voids where foam is mixed into the mortar or concrete [1]. The cellular 
lightweight concrete can be obtained for application to structural, partition, 
insulation wall and filling hole [2]. Otherwise, the use of concrete of lower 
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densities is beneficial in terms of structural load-bearing, and as acoustic and 
thermal insulation. The density can be reduced by replacing part of the solids 
by air voids or lightweight aggregates, several approaches [3]. The concrete 
tensile strength can be increased by introducing various kinds of fibres [4].  
 
2.0  LIGHTWEIGHT CONCRETE 
Lightweight concrete (LWC) has been used for more than 2,000 years (ACI 
213R) (American Concrete Institute (ACI, 2003). Early notable LWC structures 
include the Port of Cosa, the Pantheon Dome, and the Coliseum. 
Lightweight concrete can be defined as a type of concrete which includes 
an expanding agent in that it increases the volume of the mixture while 
giving additional qualities such as fallibility and lessened the dead weight. 
The lightweight concrete is now increasingly used in medium and high-rise 
buildings worldwide [5].  The lightweight concrete has strengths comparable 
to normal weight concrete. The structural lightweight concrete offers design 
flexibility and substantial cost savings providing [6].  
 
2.1 TYPES OF LIGHTWEIGHT CONCRETE 
Lightweight concrete can be prepared either by injecting air in its 
composition or it can be achieved by omitting the finer sizes of the 
aggregate or even replacing them by a hollow, cellular or porous 
aggregate. Particularly, lightweight concrete can be categorized into three 
groups which are No-fines concrete, lightweight aggregate concrete and 
Aerated/Foamed Concrete. If the air voids are introduced into the cement 
paste to reduce its density, the concrete is known as cellular, aerated, or 
foamed concrete [3]. 
 
2.1.1 NO-FINES CONCRETE 
No-fines concrete can be defined as a lightweight concrete composed of 
cement and fine aggregate. Uniformly distributed voids are formed 
throughout its mass. The main characteristics of this type of lightweight 
concrete is it maintains its large voids and not forming laitance layers or 
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cement film when placed on the wall. No-fines concrete usually was used 
for both load bearing and non-load bearing for external walls and partitions. 
The strength of no-fines concrete increases as the cement content is 
increased. However, it is sensitive to the water composition. Insufficient water 
can cause lack of cohesion between the particles and therefore, 
subsequent loss in strength of the concrete. Likewise too much water can 
cause cement film to run off the aggregate to form laitance layers, leaving 
the bulk of the concrete deficient in cement and thus weakens the strength. 
 
2.1.2 LIGHTWEIGHT AGGREGATE CONCRETE 
In the early 1950s, the use of lightweight concrete blocks was accepted in 
the UK for load bearing inner leaf of cavity walls. Soon thereafter the 
development and production of new types of artificial LWA (Lightweight 
aggregate) made it possible to introduce LWC of high strength, suitable for 
structural work. These advances encouraged the structural use of LWA 
concrete, particularly where the need to reduce weight in a structure was in 
a structure was an important consideration for design or for economy. There 
are four several types of LWA suitable for structural reinforced concrete such 
as pumice (is used for reinforced concrete roof slab, mainly for industrial roofs 
in Germany), foamed Slag (was the first LWA suitable for reinforced concrete 
that was produced in large quantity in the UK), expanded Clays and Shales 
(is capable of achieving sufficiently high strength for prestressed concrete. 
Well established under the trade names of Aglite and Leca (UK), Haydite, 
Rocklite, Gravelite and Aglite (USA)), and sintered Pulverised (is fuel ash 
aggregate – is being used in the UK for a variety of structural purposes and is 
being marketed under the trade name Lytag).  
  
2.1.3 AERATED CONCRETE 
Aerated concrete does not contain coarse aggregate, and can be 
regarded as an aerated mortar. Typically, aerated concrete is made by 
introducing air or other gas into a cement slurry and fine sand. In commercial 
practice, the sand is replaced by pulverized fuel ash or other siliceous 
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material, and lime maybe used instead of cement [2]. There are two 
methods to prepare the aerated concrete. The first method is to inject the 
gas into the mixing during its plastic condition by means of a chemical 
reaction. The second method, air is introduced either by mixing-in stable 
foam or by whipping-in air, using an air-entraining agent. The first method is 
usually used in precast concrete factories where the precast units are 
subsequently autoclaved in order to produce concrete with a reasonable 
high strength and low drying shrinkage. The second method is mainly used 
for in-situ concrete, suitable for insulation roof screeds or pipe lagging.  
Cellular or aerated concrete is a type of lightweight concrete with a high 
concentration of air voids. The aggregates and cements used in standard 
concrete compositions on a daily base are found in cellular concrete. Based 
on the method of cellular concrete can be classified as no autoclaved or 
autoclaved cellular concrete originating from an autoclaved process (ACC) 
is considered, focusing on the precast masonry products namely the cellular 
concrete blocks [7]. 
 
3.0 FLY ASH  
In making the concrete Cellular Lightweight Concrete (CLC) is one of the 
recent emerging technologies. It has many advantages when compared to 
the normal conventional concrete. Fly ash is considered as one of the waste 
industrial product that cannot be easily disposed. It reduces the cost of the 
construction and at the same time solves the problem of disposal of fly ash. 
Therefore, fly ash based Cellular Lightweight Concrete (CLC) is considered 
as environment friendly sustainable material produced with least energy 
demand. By using the fly ash based cellular lightweight concrete the density 
is considerable reduced and at the same time, the strength is not affected 
by appropriate design mix.  The manufacturing process of this type of 
concrete does not involve any high cost techniques. Manufacturing process 
of Cellular Lightweight Concrete (CLC) is similar to normal concrete and in 
this additionally foam generating machine is used. By using fly ash as filler 
(fine aggregate) instead of sand, the high volume utilization of fly ash 
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becomes possible, thus providing a means of economic and safe disposal 
of this waste product.  Fly ash being finer helps in uniform distribution of air 
voids [2]. The fly ash can reduce the weight of structure. Lightweight 
construction materials in the form of lightweight concrete using cast in-place 
lightweight concrete have been developed. The purpose of this work is to 
reduce the dead load of structure resulting in lighter structures and also with 
reduced cement content [8]. Fly ash is widely used in production of cement, 
concrete, cellular concrete, bricks, lightweight construction aggregate and 
soil stabilization [9]. 
 
4.0 METHODOLOGY 
To study the behaviour of lightweight concrete, regular concrete tests were 
performed to determine the properties of the materials and structures of 
each concrete light type and how these characteristics differ according to 
different mix types and their composition. When the concrete has been 
hardened, it can be subjected to various tests to prove its ability to perform 
as planned or to know its features. For this new concrete usually involving 
specimen breakers from new concrete and testing them from various 
properties as concrete basis. Between the tests performed is the compressive 
strength test and the density of the concrete. 
 
4.1 HIGH STRENGTH 
Compressive strength is the main physical property of concrete (the other is 
usually defined from it), and is the most widely used in design. It is one of the 
basic properties used for quality control for lightweight concrete. 
Compression strength can be defined as the maximum resistance measured 
from concrete specimens to load axis. It is obtained by measuring the highest 
compressive stress that test cylinder or cube will support. There are three 
types of tests that can be used to determine the compressive strength; cube 
test, cylinder, or prism. 'Concrete test' test is the most common test and used 
as a standard measure of compressive strength for quality control purposes.  
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4.2 DENSITY  
The density of both concrete and fresh is of interest to the parties involved 
with various reasons including the impact of durability, strength and 
resistance for permeability. The density of the defended concrete is 
determined either by simple dimensional inspection, followed by weight and 
calculation or weight in air / water buoyancy method (ELE International, 
1993). To determine the density of lightweight concrete samples, it is easy 
method is preferred. 
 
5.0 RESULT AND DISCUSSIONS 
 
Table 1: 28 days average compressive strength (MPa) against average density 
(kg/m3) using concrete 53 grade Ordinary Portland Cement (OPC). 
 
53 grade OPC 
Avg. compressive strength 
in MPa 
Avg. density in kg/m3 
1 14.73 1850 
2 13.72 1822.10 
3 13.69 1820 
4 10.96 1819 
5 10.47 1817 
6 10.03 1817 
7 9.64 1816 
8 9.45 1815 
9 9.45 1814.45 
10 6.68 1649.27 
11 6.38 1620.11 
12 6.20 1615.15 
13 6.18 1615.15 
14 6.20 1613 
15 5.07 1507.58 
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Figure 1: Comparison average compressive strength between 53 grade Ordinary 
Portland Cement and 43 grade Ordinary Portland Cement. 
 
From Table 1, the result it compressive strength for cellular lightweight 
concrete is low for lower density mixture. By using the concrete 53 grade 
Ordinary Portland Cement (OPC), the average compressive strength was 
higher than the concrete 43 grade Ordinary Portland Cement (OPC). The 
lower average compressive strength in MPa the more lower value of 
average density (kg/m3).  
 
Table 2: 28 days average compressive strength (MPa) against average density 
(kg/m3) using concrete 43 grade Ordinary Portland Cement (OPC). 
 
43 grade OPC 
 
Avg. compressive 
strength in MPa 
Avg. density in 
kg/m3 
1 13.78 1828.58 
2 11.09 1811.60 
3 10.48 1810 
4 9.43 1808 
5 8.35 1801.31 
6 8.39 1801.26 
7 8.61 1790.82 
8 8.23 1788.23 
9 6.58 1651.31 
10 6.07 1607.58 
11 5.41 1561.80 
12 5.38 1532.65 
13 4.89 1461.35 
14 4.41 1449.27 
15 4.48 1423.65 
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Figure 2: Comparison average density between 53 grade Ordinary Portland 
Cement and 43 grade Ordinary Portland Cement. 
From Table 2, the result it compressive strength for cellular lightweight 
concrete is low for lower density mixture. Based on the graph Table 1 and 
Table 2 the comparison average compressive strength and density between 
53 grade Ordinary Portland Cement and 43 grade Ordinary Portland 
Cement is decreases. The increment of voids throughout the sample caused 
by the foam in the mixture will lower the density. As a result, compressive 
strength will also decreases with the increment of those voids. The 
compressive strength for the mixture with density of 13.78 MPa at 28 days is 
low compared with density of 14.73 MPa. The difference between the values 
of compressive strength because of the comparison by using the grade of 
Ordinary Portland Cement which 43 grade OPC and 53 grade OPC. 
 
6.0  CONCLUSION 
The purpose of this experiment study is to identify the performance of cellular 
lightweight concrete in term of density and compressive strength. The 
graphical representation of compressive strength is illustration in Figure 1 and 
the graphical representation of density is illustrated in Figure 2. Based on 
result it can be seen that compressive strength for cellular lightweight 
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concrete is low for lower the density. The increments of voids throughout the 
sample caused by the foam in the mixture lower the density. As a result, 
compressive strength also decreases with the increment of those voids. This 
can be seen through Figure 1 and Figure 2 which shows that the compressive 
strength of 53 grade cement is slightly higher than 43 grade cement, but as 
strength increases its density also increases. Cellular lightweight concrete is 
acceptable for framed structure.  The use of fly ash in foamed concrete also 
significantly benefited compressive strength development [5]. 
 Reducing the nominal maximum size of aggregate used in lightweight 
aggregate concrete will increase the density and compressive strength of 
the lightweight concrete. Because the grain size of the expanded clays is 
smaller than the natural pumices the concrete made of expanded clays has 
a smoother surface than concrete made of mineral pumices [10]. Otherwise, 
the durability of any concrete is primarily controlled by the permeability and 
a better understanding of moisture transfer can therefore reduce or prevent 
the damage in building materials [11].  
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